The lysosomal storage material in cultured fibroblasts from patients with various lysosomal storage diseases was characterized by fluorescence microscopy using lectins specific for different saccharide moieties. In normal fibroblasts and cultured amniotic fluid cells lectins specific for mamosyl and glucosyl moieties, Con A and LcA gave a bright perinuclear cytoplasmic staining corresponding to the localization of endoplasmic reticulum in the cells. All other lectins stained the Golgi apparatus as a juxtanuclear reticular structure.
Lysosomal storage disorders are inherited diseases of metabolism caused by defects in lysosomal hydrolases and characterized by intralysosornal accun~ulation o f undcgradcd and partially catabolized macromolecules (I I, 14, 25) . The individual disorders can be diagnosed on the basis of urinary excretion of abnormal metabolites or by enzyme assay ( I I, 14) . The fibroblasts cultured from a patient with a given lysosomal disorder usually express the enzyme defect even though the cultured cells d o not show the storage phenomenon in all instances.
Although ultrastructural features of the storage lysosomes can be of help in distinguishing lysosomal disorders, a number of them present similar vacuoles with nondistinct contents in electron microscopy (9, 18, 2 1. 24, 28) . Histochemical methods have also been of limited value in the characterization of the storage vacuoles (9, 11, 18, 21, 23, 24, 28) .
Many of the lysosomal storage diseases involve a defect in enzymes degrading glycoproteins, glycolipids. and glycosaminoglycans, and the carbohydrate sidechains are thus at least partially retained in the stored material (1 1, 23, 25, 26) . The saccharide moieties of glycownjugates act as binding sites for lectins, plant or animal proteins specific for different saccharide moieties (4). We have recently developed a method enabling visualization of intracellular lectin binding sites in fluorescence microscopy (15. 32) . The aim of the present study was to evaluate whether the saccharide specificity of lectins can be utilized for characterization of the storage phenomenon in cultured fibroblasts from patients with various lysosomal storage diseases.
MATERIALS A N D METHODS

MUTANT CELL LINES
Fibroblast cultures were initiated from small skin biopsy specimens using standard cell culture techniques and Ham's F-I0 medium supplemented with 10% fetal calf serum and antibiotics. Skin biopsy was taken from one patient with mannosidosis. I-cell disease (mucolipidosis 11) and five patients with Salla disease. An I-cell disease cell line (GM-3066) was also obtained from the Human Genetic Mutant Cell Repository. Camden. NJ. The diagnosis of mannosidosis was based on clinical and enzyme studies as well as demonstration of mannose-containing oligosaccarides in urine (2) . I-cell disease was diagnosed by clinical, electron microscopic and cell culture studies (3) . The diagnosis of Salla disease was based on clinical findings, electron microscopy, and demonstration of excessive amounts of free sialic acid in urine (I, 27) . The fibroblast cell line from a patient with fucosidosis (5) was obtained through the courtesy of Dr. Sverre Lie (Oslo, Norway). The enzyme defects of all mutant cell lines used in the present study were verified by enzyme assays. Both adult and embryonic human fibroblast cultures were used as controls. Normal amniotic fluid cell cultures were grown in the same tissue culture conditions from amniotic fluid samples obtained for fetal karyotype determination at 15th or 16th wk of gestation.
Accumulation of' phagolysosomes In normal cultured fibroblasts was induced by allowing the cells to ingest latex particles (0.5 pm; Polysciences Inc.. Warrington, PA) for 24 hr. Thereafter, the cells were trypsinized and replated on glass coverslips (16) . For phase contrast and fluorescence microscopy, the cells were grown on small glass coverslips for 5 to 7 days and fixed in 3.5% paraformaldehyde made in 0.1 M phosphate buffer, pH 7.2. Thereafter, the coverslips were washed in phosphate-buffered saline (PBS) and treated with 0.05% Nonidet NP-40 to make the cells permeable to fluorescent lectins ( 15) .
LECTINS AND THEIR SPECIFICITY
The following lectins were used either as fluorescein isothiocyanate (FITC) or tetramethyl rhodamine isothiocyanate (TRITC) conjugates: concanavalin A (Con A), and Lens culinaris agglutinin (LcA), both specific for mannosyl and glucosyl groups; wheat germ agglutinin (WGA), specific for N-acetyl glucosamine and its oligomers; Ricinus communis agglutinins 60 (RCA 60) and 120 (RCA 120), specific for galactose and N-acetyl galactosamine moieties; Lotus tetragonolobus agglutinin (LTA) and Ulex europaeus agglutinin (UEA), specific for fucose moieties; and Limulus polyphemus agglutinin (LPA), specific for sialic acid moieties. The lectin conjugates were purchased from E-Y Laboratories (San Mateo, CA), Vector Laboratories (Burlingame, CA), Miles Laboratories (Elkhart, IN), and Sigma Chemical Co. (St. Louis, MO). The lectin conjugates were used at concentrations of 100 to 150 pg/ml in PBS supplemented with Ca'" and Mg' for 30 min.
Thereafter, the specimens were thoroughly washed in PBS and embedded in Veronal-glycerol buffer, pH 8.4, or PBS (RCA 60 and RCA 120). For fluorescence and phase contrast microscopy a Zeiss univer-RESULTS sal microscope was used equipped with an epi-illuminator 111 RS In cultured normal adult fibroblasts, both Con A and LcA, filters for FITC and TRITC fluorescence and phase contrast lectins specific for mannosyl and glucosyl moieties, gave a bright perinuclear cytoplasmic staining (Fig. I. A and B) , corresponding to the localization of endoplasmic reticulum (15, 32) . In contrast, all other lectins stained the Golgi apparatus (32) as a juxtanuclear reticular structure (Fig. IC) . Inasmuch as only a few lysosomes were detectable in normal cells, the number of phagolysosomes was increased by allowing the cells to phagocytize latex particles (Fig. 1, D to F) . The perinuclearly arranged latexphagolysosomes were not stained with Con A (Fig. IE) but were faintly stained with WGA (Fig. IF) and RCA 60 and RCA 120 (cf: Table 1) . Staining with LPA, specific for sialic acid moieties, was not detectable. The cultured amniotic fluid cells showed a similar pattern of lectin staining as the skin fibroblasts with the characteristic perinuclear endoplasmic reticulum-type fluorescence with FITC-Con A (Fig. I, G and H ) and different juxtanuclear Golgitype staining with TRITC-WGA (Fig. II) .
In fibroblasts from the patients with fucosidosis, only lectins specific for fucosyl groups, lotus tetragonolobus agglutinin and Ulex europaeus agglutinin, distinctly stained the lysosomal inclusions (Fig. 2, A and C) . Other lectins only gave either the typical endoplasmic reticulum (Con A and LcA; Fig. 2B ) or Golgi (all other lectins) labeling.
The lysosomes in fibroblasts from the patients with mannosidosis did not react with Con A or LcA (Fig. 2, D and E) , both specific for mannosyl moieties of glycoconjugates. Instead, these lectins stained the region of the endoplasmic reticulum (Fig. 2E) as in normal cells. WGA, specific for N-acetyl glucosaminyl moieties, on the other hand, brightly labeled the lysosomal structures found in mannosidosis-fibroblasts (Fig. 2 0 .
In cultured fibroblasts from both I-cell disease cell lines, the numerous perinuclear phase-dense granules, representing abnormal lysosomes, were labeled with every lectin used (Fig. 2 , G to J). A granule-free perinuclear crescent (Fig. 2G) occupied by reticular structure representing the Golgi apparatus (Fig. 21) was clearly seen in all cells of I-cell disease (cj: Refs. 17 and 30).
In fibroblasts from patients with Salla disease, the lysosomes were brightly stained only with LPA (Fig. 2, K and L) , indicating the presence of increased amounts of sialic acid residues in the lysosomal inclusions.
The results from staining the lysosomes in various mutant cell lines with FITC-or TRITC-coupled lectins are summarized in Table I .
DISCUSSION
Both ultrastructural and histochemical methods have proved to be of little use in the elucidation of abnormal lysosomal storage (9, 11. 18, 21, 24, 28) . In the present study, we have shown that in cultured fibroblasts from patients with a number of lysosomal storage diseases, lysosomal inclusions present characteristic lectinbinding affinity specified by the oligosaccharide structure of the storage material and different from that found in experimentally produced lysosomal accumulations.
In fucosidosis, the basic defect is deficiency of lysosomal a-Lfucosidase which results in accumulation of fucose-containing glycopeptides and glycolipids in lysosomes of several tissues (5, 8) . In agreement with this concept, our findings showed that only lectins specific for fucosyl moieties bind to lysosomes in fucosidosis-fibroblasts. Unexpectedly, however, lectins specific for mannosy1 moieties did not bind at all to lysosomes in fibroblasts from the patient with mannosidosis. In mannosidosis, the defect involves a-mannosidase, one of the enzymes splitting mannosyl groups from oligosaccharides, and the result is accumulation in tissues and excretion in urine of mannose-rich oligosaccharides (6. 13. 22, 25. 31). Cultured fibroblasts from patients with mannosidosis also accumulate increased amounts of mannose-containing oligosaccharides (22) . However, both urinary and fibroblast oligosaccharides in mannosidosis contain N-acetyl glucosamine and mannose in a 3: 1 ratio (13) . which could be relevant to our finding that the lysosomes in mannosidosis were stained with WGA specific for N-acetyl glucosamine residues. Whether the lack of staining of mannosidosis lysosomes with mannose-specific lectins (Con A and LcA) depends on some steric hindrance or on leakage of low-molecular weight storage material during specimen preparation remains to be elucidated.
The basic enzyme deficiency in I-cell disease (mucolipidosis 11) is still unknown, but most of the lysosomal hydrolases show decreased intracellular activity (12, 14, 20, 25) . Extensive accumulation of lysosomal inclusions have been considered typical for cells with this disease (3, 10, 17, 18, 20, 30) . However, no specific abnormal metabolites have so far been recovered from the inclusions (14, 18, 20, 26) . Recently, I-cell disease fibroblasts were found to contain increased amounts of sialic acid when compared to normal fibroblasts (29) . Our results show that lysosomes in Icell fibroblasts bind extensively lectins specific for all saccharide moieties found in glycoproteins and glycolipids which suggest the presence of undegraded oligosaccharides in the lysosomes. The location of lysosomal inclusions in I-cell disease around the Golgi apparatus was clearly different from other mutant cell lines, suggesting that the pathogenesis of lysosomal accumulation in Icell disease differs from that of other lysosomal storage diseases.
Salla disease is a recently described lysosomal storage disease of unknown etiology, characterized by a 10-fold increase of free sialic acid in the urine (I, 27). Interestingly, only LPA, specific for sialic acid moieties in glycoconjugates, bound extensively to the inclusions in all cell lines from patients with this disease. Taking also the abnormal urine findings into account, it appears that the basic defect in Salla disease may be related to the metabolism of sialyl glycoconjugates. Our results also suggest that lectin staining of cultured amniotic fluid cells might prove to be suitable for the prenatal diagnosis of Salla disease, which at the present is not possible by any other technique. In other lysosomal storage diseases, lectin staining of cultured amniotic fluid cells could be used as an auxiliary method for prenatal diagnosis, although the final diagnosis should always be based on the specific enzyme assays.
In summary, our results show that lectins, which have been used in morphologic and biochemical studies of glycoconjugates in cells and tissues, may be of value in the elucidation of the pathogenesis and possibly in the diagnosis of certain lysosomal diseases.
